The authors explored the database of the first International Study of Postoperative Cognitive Dysfunction study to specify the domains of cognitive function that were most vulnerable and to determine the pattern of deterioration in patients with preoperative cognitive impairment.
IN recent years, the term mild cognitive impairment (MCI) has come to describe a potential transitional zone between the cognitive changes of normal aging and the earliest clinical features of Alzheimer disease. 1 These patients are identified on the basis of impairments in specific cognitive processes in the absence of global dementia, marked by the presence of multiple cognitive impairments and functional disability. 2 The presence of cognitive impairment short of dementia has been recognized with several different labels. Although not without controversy, MCI has been described in a comprehensive consensus statement of an international working group. 1 Petersen et al. 3 provided a formal assessment procedure for detection of amnestic MCI that combines clinical assessment with the systematic use of neuropsychological test data to reliably define the presence of MCI. Postoperative cognitive dysfunction (POCD) is a developing concept characterized by persistent deterioration of cognitive performance after surgery and anesthesia, defined by preoperative and postoperative cognitive testing. 4 Conceptually, patients with MCI would seem to be most at risk for the development of further cognitive impairment after surgery and anesthesia because of their already compromised status and their potential vulnerability to worsen into dementia due to a less cognitive reserve. 5 Although not strictly a new idea, in 1993 Satz 6 elucidated a theory of brain reserve capacity to explain threshold phenomenon in brain injury, i.e., that a certain amount of brain damage can occur before clinical symptoms appear. In a recent review of the intellectual development of what has become known as cognitive reserve, Richards and Deary 5 indicate that there are aspects of brain structure and function that can buffer the effects of neuropathology such that the greater the reserve, the more severe the pathology must be to cause functional impairment. Cognitive reserve explains observations of a protective effect of education against the prevalence of Alzheimer disease, 7 a phenomenon also noted for POCD. Their pattern of deterioration could also be different from the general population of surgical patients.
The largest POCD studies for noncardiac surgery to date were undertaken by the International Study of Postoperative Cognitive Dysfunction (ISPOCD) group. 4 In those studies, the definition of POCD was based on a standardized score (Z score) reflecting a change to 1.96 SDs below normal after surgery. Patients with amnestic MCI might not be able to register that much deterioration with the instrumentation used because of baseline memory impairments. In addition, the deterioration across the different domains of cognitive functioning was not reported. Patients with a Mini-Mental State Examination score of 23 or lower were excluded. This eliminates some, although not all MCI patients, from these studies. Using the ISPOCD1 database, we sought to explore possible differences between tests in the pattern of deterioration after surgery with specific focus on patients with MCI. Because a determination of MCI requires the presence of a cognitive complaint and specific testing, it is not possible to make a retrospective diagnosis. Therefore, we have evaluated the ISPOCD data and established a surrogate measure that we call preoperative cognitive impairment (PCI). Within the limitations of the methodology, PCI is similar to amnestic MCI, the most common form of MCI.
We hypothesized that patients with PCI had a different pattern of deterioration in cognitive function, expressed as a difference in proportion of deterioration in single tests.
Materials and Methods
The data set was collected during the first ISPOCD. The goals of the first study (ISPOCD1) were to assess whether POCD could be detected after noncardiac surgery, the causative roles of hypoxemia and hypotension, and the role of age as a major risk factor for POCD. 4 Thirteen hospitals in nine countries recruited 1,218 patients between November 1, 1994, and May 31, 1996. Eligible patients were aged at least 60 yr, had presented for major abdominal, noncardiac thoracic or orthopedic surgery during general anesthesia, and had an expected duration of stay of 4 days or more. Patients who scored 23 or lower on the Mini-Mental State Examination were excluded. Patients completed a series of neuropsychological tests at entry to the study, at discharge from the hospital or 1 week after surgery, whichever was first, and 3 months after surgery. The psychometric tests were provided in seven languages and were tested for cultural sensitivity. In addition, 176 age-matched volunteers from the United Kingdom were recruited through advertisements as controls. 
Neuropsychological Assessment

ISPOCD1 Criteria for POCD
To correct for learning effects, the ISPOCD1 investigators identified patients with postoperative cognitive dysfunction by comparison of changes in individual patients with the mean changes in test scores from baseline (first session) to 1 week and 3 months after the first test for the United Kingdom controls. For patients, they compared baseline scores with 1-week and 3-month test results, subtracted the average learning effect from these changes, and divided the result by the control group SD to obtain a Z score for each test. They further defined a composite Z score from the total of the Z scores for the United Kingdom controls, the SD of which we used to normalize the patients' composite Z scores at 1 week and 3 months. Patients were defined as having cognitive dysfunction when two out of seven Z scores in individual tests or the combined Z score were 1.96 or more. As noted above, such a definition of decline may not be suitable for use in a study with preexisting cognitive decline such as MCI patients.
In this article, we defined PCI as a preoperative score 1.5 SD below healthy controls in the Visual Verbal Learning Test. Therefore, patients were classified as having PCI if they had a preoperative score below 16 (23.4 Ϫ 1.5 ϫ 5.3) in cumulated learning or a preoperative score below 3 in delayed recall (6.9 Ϫ 1.5 ϫ 2.8) (table 1) .
Data Analysis
Our analyses determined the extent to which the seven main neuropsychological summary measures changed after surgery. We wanted to determine whether the tests were differentially sensitive and whether the pattern of changes was different for patients with PCI as compared with patients without PCI.
The pattern of deterioration was assessed by calculating the proportion of patients showing a Z score above 1.96 in the individual seven test variables. In addition, we calculated the proportion of patients showing a Z score above 1 in the test variables as less deterioration seemed especially relevant in patients with MCI.
Continuous data were reported as mean with SD and compared with the Mann-Whitney test. Proportions were reported with 95% confidence intervals and compared with the chi-square test (SAS version 9.1; Cary, NC).
Results
Of the 1,218 patients in the ISPOCD1 study, 1,185 had a reliable and complete preoperative Visual Verbal Learning Test and 74 had PCI, defined as a performance below 1.5 SD the mean value in the age-corresponding control group (table 1) . Patients with PCI were significantly older, and significantly fewer females were in that group, but there was no significant difference in duration of education, cognitive complaints, or depression (table 2) . As expected, the preoperative test performance in these patients was lower in these patients (no statistical analysis performed).
After surgery, neuropsychological testing could be performed at 1 week in 1,016 of the 1,185 patients and at 3 months in 933. Deterioration was seen in all test variables, but at 1 week especially in the Letter Digit Coding Test and the time of the Stroop Test, where 139 and 158 out of 1,016 exceeded a 2-SD deterioration (14% and 16%, respectively) (table 3). At 3 months, deterioration was more uniformly distributed in the test variables. Patients with PCI had less decline in the memory test, and no patient with PCI had a deterioration exceeding 2 SD at 1 week or at 3 months after surgery (table 3) . This was only statistically significant for one of the tests, but the pattern was the same for deterioration of 1 SD where deterioration was significantly less common in the memory tests both at 1 week and 3 months (table 4). Based on the definitions from the original publications, POCD was noted at 1 week in 12 of 63 (19%) of patients defined as PCI as compared with 252 of 953 (26.4%) of patients not classified as PCI (P ϭ 0.19). At 3 months, POCD was seen in 8 of 55 (15%) of patients with PCI versus 84 of 878 (9.5%) of patients not classified as having PCI (P ϭ 0.23).
Discussion
In a further analysis of data from the ISPOCD1 study, we found that postoperative cognitive deterioration was seen in all seven test variables used for assessing cognitive dysfunction. The highest proportion of deterioration at 1 week after surgery was seen in tests thought to assess attention and cognitive speed. In patients with PCI, deterioration was significantly less common in memory function.
This analysis was undertaken to elucidate whether the pattern of cognitive deterioration was different for patients with preexisting impairment in cognitive function. Data are mean (SD). Patients with preoperative cognitive impairment were significantly older, and female sex was significantly less common (Mann-Whitney rank sum test and chi-square test).
The previous analyses of the entire ISPOCD1 data set were based on a binary endpoint-POCD-that was a combined measure of seven variables. Accordingly, it was not assessed whether certain domains of function were more vulnerable, nor was it considered whether there was a relation between poor preoperative cognitive status and subsequent deterioration. In this article, we considered all seven endpoints individually to calculate the proportions of patients who exceeded 1 or 2 SD deterioration after surgery with a specific focus on patients with PCI. There are several limitations in this analysis. First, our construct of PCI is a retrospective attempt to simulate MCI. In the absence of a prospective determination, PCI might include some patients who would not be diagnosed as MCI. We excluded patients with a Mini-Mental State Examination score below 24 to avoid the inclusion of demented patients who would probably not be able to comprehend the test instructions. Still, poor preoperative performance could result in an inability to detect cognitive decline as a result of floor effects in tests based on scores such as the Visual Verbal Learning test or the Letter Digit Coding Test. The tests may not allow assessment of highly different cognitive domains. Therefore, it is questionable to ascribe functions to particular regions and lesions seldom conform to functionally homogenous systems. Furthermore, cognitive deficits may be complicated because of interactions with compensatory measures and preexisting decline. 15 In other analyses of ISPOCD1 data, the Concept Shifting Test, part C, has been considered as a measure of cognitive flexibility, whereas the Stroop test, part 3, was considered a measure of interference susceptibility. Speed of information processing was thought to be assessed in the Letter Digit Coding Test. 16 All these tests are, however, highly dependent on attention, and all are timed tests where the patient is asked to work as fast as possible. Therefore, it would probably be appropriate to classify them as assessing attention and cognitive speed. POCD seems to affect most aspects of cognitive function, and it is therefore difficult to suggest a specific deficit or brain lesion.
We defined PCI as a low performance in memory, which is analogous to the current definition of amnestic MCI. Much like the definition of POCD, there is considerable discussion among researchers as to a precise definition of MCI. 2 A recent consensus conference agreed that all definitions "refer to non demented persons with cognitive deficits measurable in some form or another, Deterioration was defined as a Z score above 1. Data are numbers and percentage for patients with and without preoperative cognitive impairment (PCI) with (95% confidence interval).
* P Ͻ 0.05 between PCI and no PCI (chi-square test).
and (ii) represent a clinical syndrome that can be utilized to classify persons who do not fulfill a diagnosis of dementia, but who have a high risk of progressing to a dementia disorder." 1 MCI has been classified into amnestic MCI, nonamnestic MCI, and multiple domain. Our purpose in undertaking this analysis was to determine whether we would be able to detect levels of subsequent impairment in MCI patients undergoing anesthesia and surgery using the ISPOCD test battery. The ability to reliably detect a change in attention and speed suggests that testing batteries that include these domains will be capable of detecting change in patients with MCI. In contrast, this analysis suggests that a memory test like the Visual Verbal Learning Test is not particularly susceptible to change after surgery and anesthesia in patients with PCI. Other cognitive measures not included in this study may be sensitive to POCD, and these measures may detect POCD changes that do not overlap with each other. Future research will need to identify the array of cognitive outcomes that are influenced by surgery and anesthesia.
The neurobiology of cognition has been shown to be increasingly complex as improved imaging techniques provide increased opportunities to explore connections between different areas of the brain. Future studies should be conducted to determine whether postoperative cognitive deterioration occurs in MCI patients and whether there are specific cognitive domains that are particularly vulnerable as investigators seek to define POCD. The current analysis suggests that memory tests are not adequately sensitive.
In conclusion, postoperative cognitive deterioration was seen in all tests, although most commonly in attention and cognitive speed at 1 week. In patients with PCI, deterioration in memory is difficult to detect after surgery.
